ABSTRACT
areas of the spinal canal. The substances applied once or continually in these regions have varying effects, effectiveness and side effects.
Regional anesthesia is administered particularly on patients with high perioperative risks. In urology, this has been predominantly the case so far in locally restricted, endourological and low-risk procedures. Comparatively, the exclusive use of regional anesthesiological procedures during extended and high-risk operations, such as radical cystectomy, has previously been seldom described (5) .
To notably minimize cardiopulmonary, patient-specific and post-operative risks, a thoracic epidural catheter is frequently used in fast-track surgery. We combined optimal analgesia with one-time spinal anesthesia for the perioperative, motoric blockade and performed radical cystectomy with lymphadenectomy with urinary diversion under CSTEA without general anesthesia.
MATERIALS ANd METHOdS
In 2011 radical cystectomy with extended lymphadenectomy using urinary diversion was performed on 14 patients with muscle-invasive bladder cancer.
The inclusion criterion for applying CSTEA was the presence of a muscle-invasive bladder cancer. The exclusion criterion was the non-feasibility of the catheter installation.
Individual patient features, such as age, gender, body mass index, stage of tumor, comorbidity, cardiopulmonary risk assessment as well as intraoperative and postoperative parameters, such as the type of urinary diversion, operative time, blood loss, postoperative beginning of oral nutrition, postoperative beginning of mobilization, postoperative pain levels, postoperative hospital stay are indicated on Table-1. During bridging, patients, who were orally anticoagulated (Pt. 1, Pt. 6, Pt. 8), for instance due to chronic atrial fibrillation, received perioperatively low molecular heparin according to weight (low dose molecular weight heparin); with dose reduction immediately pre-and postoperatively (10 to 12-hour waiting period pre-and postoperatively).
Radical cystectomy with extended pelvic and iliac lymphadenectomy using urinary diversion (ileal neobladder, ileal conduit, transureterocutaneostomy) was performed in the usual open manner by means of a median lower abdominal laparotomy. A cystoprostatectomy was performed on male patients while a simultaneous hysterectomy was performed on female patients, taking the vaginal front wall. In all cases, the lymphadenectomy was extended pelvically, iliacally, presacrally up to the point of aortic bifurcation.
The applied urinary diversion was suited to the patient's age, risk factors and tumor size. Continent and incontinent urinary diversions were constructed from the terminal ileum in the form of a pouch or neobladder or a conduit with both ureters re-implanted. Simple incontinent urinary diversions were applied as transureterocutaneostomy (TUUC).
Thermoregulation was conducted with heating mats placed over and under the patient. During the entire surgical procedure, CO 2 , temperature and blood pressure were continually measured as well as ECG was monitored on each patient.
To monitor breathing (O 2 and EtCO 2 ), we used the Smart CapnoLine Plus O 2 for our patients, who were not intubated and were spontaneously breathing. They could be orally and nasally applied and used for up to six hours. The nasal tube has an O 2 supply line. The Smart CapnoLine Plus O 2 can be used in pain management, emergency medicine, transport and critical care.
Premedication was administered orally with 10-20 mg chlorazepate. Perioperatively, an iso-osmolar electrolyte solution of 5-10 mL/kg BW/h was infused intravenously. Blood pressure was regulated with an arterenol perfusor (1 mg/50 mL of 0.9% NaCl).
CSTEA was administered by combining a deep thoracic epidural catheter at level T10/11 or T11/12 and a spinal anesthesia at level L3/4 or L4/5 ( Figure-1) .
A deep thoracic epidural catheter was placed either with the patient sitting or lying in a lateral position in two stages: by placing a local anesthesia and puncturing the epidural space at level T10 to T12 between two spinous processes with an epidural needle (Tuohy needle, G18). The needle was inserted through the skin, the intervertebral ligaments and the ligamentum flavum in the epidural space. This was identified as the "loss-ofresistance" technique, wherein a syringe with liquid is attached to the needle. Should the needle be placed before the epidural space in the ligaments of the spinal column, fluid injection is not possible (resistance). By steadily controlling the injection resistance, the needle was carefully inserted further (usually 4-5 cm) until the resistance-free liquid could be injected (loss of resistance). This was marked by the exit of the needle point out of the ligament structure in the epidural space. After locating the epidural space, the Tuohy needle was inserted into a thin plastic catheter that could be left in the epidural space. This catheter was then tunneled under the skin. Tunneling in catheter placement supports prophylaxis against infections as well as position stability (the epidural catheter remained ca. 72 hours postoperatively, see below). Problem-free puncturing of the peridural area and placement of the catheter was tested with 0.5% bupivacaine in order to preclude the intraspinal layer. Difficult puncturing was additionally tested with adrenalin, wherein 0.5 µg/kg KG adrenalin was injected (10 µg/mL).
On the actual operative procedure and beyond, the catheter enabled an effective pain management. A pump was connected to the catheter, through which a basic quantity (basal rate) of a local anesthetic was supplied continually. Postoperatively, the pumping method also aided the patient in administering additional doses, if needed, by pressing the button (patient-controlled epidural analgesia, PCEA). As long-term medication, 0.2% (5-7 mL) of ropivacaine was administered. The rapid response of epidural anesthesia followed after 5-18 minutes and its effect lasted about two hours.
Spinal anesthesia was administered on the sitting patient by puncturing with a spinal cannula (G22 with Introducer) between the lumbar vertebrae (L 3/4 or L 4/5). This was done from the rear (median) in the layers of the spinous processes. Once the cannula penetrated the ligament structure, the actual, thin puncture needle was inserted through it, thereby puncturing the subarachnoid space. After passing through the dura, the clear liquor cerebrospinalis dripped out of the needle, indicating that the needle was correctly placed. Then a local anesthetic dosed according to the patient, was administered (approximately 3 mL of 0.5% hyperbaric bupivacaine (15 mg) and 5 µg sufentanil). The effect was almost immediate and started with a warm sensation on the legs or buttocks. The anesthetic and analgesia settled in within minutes, while movement decreased. With the hyperbaric local anesthetic, the patient's positioning influenced the extent at which the numbed area spread. The effect lasted 3 to 4 hours.
The effectiveness of epidural and spinal anesthesia depended on the dose of the administered substance. The following nerve characteristics were disabled in this order: sensors, coldness, sympathetic, vasomotor, motor skills.
All patients respired spontaneously during the entire surgical procedure. Especially in longer operative times, some patients were administered an escalating sedation by intravenously applying propofol. For this purpose, a bolus of 10 mg of propofol was administered followed by a propofol infusion (0.5% propofol) of 0.5-1 mg/kg BW/h. Postoperatively, pain therapy comprised of using the remaining epidural catheter with ropivacaine (0.1%, 1-2 mL). The epidural catheter was removed after a 10 to 12 hour waiting period for heparin. We observed no epidural hematoma or other bleeding complications.
After removing the epidural catheter, pain therapy was resumed by orally administering a combination of novaminsulfon and oxycodone dosed according the patient's weight (4x500 mg / 2x10-20 mg). The pain level was documented using numerical and visual analog scales (NAS / VAS).
Postoperative mobilization and diet restoration were carried out according to the fast-track concept of early mobilization and early enteral nutrition. After surgery, patients were asked about their subjective assessment regarding the pre-, intra-and postoperative procedures.
RESULTS
Individual patient features as well as the intra-and postoperative data are summarized in Table-1. When asked, the patients did not indicate perioperatively experiencing uneasiness, discomfort or pain.
All surgical procedures could be performed as preoperatively planned without complications and caused no anesthesiological or surgical features. Only muscle fasciculation was apparent on several patients upon severing the abdominal wall.
Vital signs of all patients were intraoperatively stable. On three patients with hypotension (side effect of the sympathetic blockade), temporarily administering a minimal dose of noradrenalin was necessary. Further side effects were not apparent.
The postoperatively continuous epidural analgesia showed a very good effect on all patients (NAS max. [3] [4] . After removing the epidural catheter after 72 hours, oral medication proved sufficient (NAS max. [3] [4] .
Postoperatively, all patients showed normal progress. Cardiopulmonary complications did not occur.
Mobilization and diet restoration were carried out according to the fast-track concept immediately postoperatively. No postoperative enteroparesis were observed. The patients could be discharged after 10 to 22 days.
When asked upon discharge, the patients described the surgical procedure pre-, intra-, postoperatively to be consistently positive under the circumstances.
dISCUSSION
To minimize perioperative risks, surgical techniques as well as preoperative anesthesiological management must be constantly improved. Better surgical techniques and anatomical understanding have continually been developed in the last years. Particularly, developments in high-frequency surgery and fast-track concepts have contributed to the quality of minimally invasive techniques. Firstly, from an anesthesiological perspective, it could be proven that applying a combination of epidural and general anesthesia is more effective than solely general anesthesia. Data from meta-analyses show that through a neuroaxial blockade, a decreased mortality rate of 30% can be reached while the morbidity rate is considerably reduced. This is achieved with a decreased incidence of deep venous thrombosis, pulmonary embolism, myocardial infarction, transfusions, pneumonias, infections, respiratory depression and liver failure (4, 6, 7) . Secondly, it is generally known that dispensing with general anesthesia leads to a clear relief of the cardiopulmonary system, from which particularly patients with increased cardiopulmonary risks benefit.
On low-risk surgical procedures in the areas of the lower abdomen and lower extremities with a sensorial blockade of up to T12 (deep spinal anesthesia) or up to T10 (medium-high anesthesia), spinal anesthesia is today considered to be an established and safe method, which as a primary indication, is applied to older and/or high-risk patients (8, 9) . Combined spinal epidural methods (CSE methods) have the additional beneficial effect of optimal postoperative therapy over the epidurally applied local anesthetic (10) . However, spinal anesthesia or CSE in the context of extensive and tumor-surgical procedures in the pelvis minor and in the lower abdomen is exceptional. Likewise, there is only few data on procedures in the area of the middle and upper abdomen, which requires a regional anesthesia of sometimes up to T4 (high spinal anesthesia).
According to a fast-track concept, a combination of spinal singular ("single shot") and continuous thoracic epidural anesthesia is suitable for this type of surgical procedure. With the spinal application of a local anesthetic, not only rapid response and reliable analgesia are attained, but also the intraoperatively desired muscle relaxation is achieved. In contrast to continuous administration, one-time administration prevents any occurrence of longer lasting motor blockade, which impedes early mobilization (8) .
The anesthesia of up to T4 is administered through the deep-thoracically placed epidural catheter. A further advantage of epidural anesthesia is the optimally postoperative pain therapy using the postoperatively remaining catheter. Different studies on intra-abdominal procedures have shown the superiority of epidural anesthesia (PCEA) to intravenous and intramuscular opioid administrations (10) (11) (12) . Moreover, sparing the opioid in the first 72 hours minimizes the risk of ileus.
CSTEA without general anesthesia reduces postoperative morbidity and mortality. Moreover, it combines the advantages of spinal anesthesia with a rapid starting effect and limited effectiveness on good motor blockade with highly effective as well as optimally controllable analgesia using the postoperatively remaining epidural catheter (6, (13) (14) (15) (16) .
Perioperatively and postoperatively, we observed no increased complication rate regarding CSTEA and experienced no restrictions in view of pain management and early mobilization. In all cases, the administration of opioids could be dispensed with directly postoperatively.
Undesired side effects of CSTEA can include hypotension, cerebral ischemia, bradycardia, cardiac arrythmia, cardiac arrest in rare cases, respiratory insufficiency due to high spinal anesthesia, paraplegia as a result of an epidural hematoma or abscesses, arachnoidea, nausea and vomiting, motoric blockade, pruritus, post-dural puncture headache (PDPH) (17, 18) . Intraoperatively, we observed mild hypotension on all of our patients as the only undesired side effect.
In individual cases, patients may experience unrest, which can be caused by such patient factors as longer surgery time, hypothermia, and inadequate positioning. Should this cause discomfort or problems for the patient or the surgical team, CSTEA can be supplemented with an escalating sedation.
CONCLUSIONS
With adequate patient selection and careful application, CSTEA appears as a safe, reliable and effective option for patients undergoing radical cystectomy. Dispensing with general anesthesia resulted in no relevant perioperative disadvantages. Simultaneous, moderate sedation must be determined in individual cases.
Our data show that CSTEA is an effective technique in radical cystectomy, as particularly demonstrated by maintained spontaneous breathing and reduced interference with the cardiopulmonary system. Thus, CSTEA can be a gentle method, maybe associated with reduced perioperative risks. Larger series are necessary to prove safety, efficacy, outcomes, and complications of CSTEA, and they are under construction by our team.
ABBREVIATIONS

CSTEA:
Combined spinal thoracic epidural anesthesia CSE: combined spinal epidural NAS: Numerical analog scale PDPH: Post-dural puncture headache PCEA: Patient-controlled epidural analgesia TUUC: Transureterocutaneostomy VAS: Visual analog scale
